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Combinatorial surface chemistry
Combinatorial chemistry and biological-based approaches have emerged as powerful aids for
the discovery of novel pharmaceutical agents. However, Nature itself is the best combinatorial
chemist, showing four deoxyribonucleotides and twenty amino acids underlie the whole
biological world through the combination of these small molecular species. One may view a
long polypeptide chain as a combination of differing amino acids which fold into a three-
dimensional protein structure, giving rise to an active site. This fundamental feature of proteins
suggests a clue to the formation of their mimics. Substituting peptides for polar moieties of
amphiphilic lipid molecules and compressing at the interface causes self assembly of these
functionalised lipids, to form protein like supramolecular structures. Molecular recognition and
binding events may then take place on these structures. (Combinatorial surface chemistry-is it
possible? R. M. Leblanc et. al., Angew. Chem. Int. Ed., 39, (2000), 1854-1857). A library of
250 compounds was synthesised as a mixture using the mix and split approach on Wang solid
phase resin. This mixture was then used to determine the molecular recognition of a 10 mM
concentration of D-maltose subphase, recognition being determined by the change in molecular
area upon substrate binding. From this study, the most active mixture identified consisted of
54 components (i) and indicated preferred groups necessary to bind maltose: polar (Glu) and
aromatic (Tyr) amino acid groups, the structural elements in the binding site of maltose
binding protein. Thus combinatorial surface chemistry may be used in the future in the design
and creation of artificial proteins and enzymes which may themselves have medicinal
applications.
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Molecular evolution in a combinatorial library
The concept of Darwinian selection and evolution has inspired the development and
application of evolutionary programming or genetic algorithms to find optimal solutions for
combinatorial problems in multi-dimensional, and very large search spaces. Artificial
evolutionary optimisation has recently been introduced to find molecules with high biological
activity from very large, virtual combinatorial libraries of molecules without the need to
synthesise and determine the biological activity of all members of this library. Optimisation
behaviour and performance of genetic algorithms that selected molecules from a combinatorial
library of potential thrombin inhibitors in 'artificial molecular evolution' experiments has been
performed (Simulated molecular evolution in a full combinatorial library, L. Weber, et al.,
Chemistry & Biology, 7, (2000), 433-441). A combinatorial library of 15,360 individual
compounds was synthesised using an Ugi-type three-component reaction of isonitriles,
aldehydes and amines to generate putative thrombin inhibitors. Constituent monomers chosen
were structurally biased towards the serine protease thrombin and one of the most potent
compounds prepared from this library was (ii) with a Ki of 2 nM against thrombin. This work
has demonstrated the benefits of a genetic algorithm driven approach to the discovery of small
molecule inhibitors of medicinally relevant targets. This type of approach could be useful when
dealing with very complex multi-dimensional search spaces.
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